CHOLECYSTITIS
AND GALLSTONE formation in the mouse can be induced by a lithogenic diet containing 1% cholesterol and 0.5% cholic acid by weight [20] . Gallstones formed more rapidly and frequently in conventional than germ-free mice fed the lithogenic diet, although the development of cholecystitis was similar in onset and degree in both cases [12] . This finding and the inability to culture bacteria from the gallbladder wall or bile of conventional mice fed the lithogenic diet makes it unlikely that bacteria have any major role in gallstone formation in the mouse [13] . Spontaneous dissolution of gallstones in man has been reported [ 1, 161. Diet-induced gallstones (proved by laparotomy) disappear in mice fed a chow diet for several months [8] . This kind of result has also been reported with other animal models [4, lo] . Prevention of gallstone formation in animals may be achieved by adding various chemicals to the diet [3, 51. The purpose of the present study is to ascertain the effects of some chemicals on the formation and prevention of cholesterol gallstones in mice fed the lithogenic diet. All mice were sacrificed at the end of 8 weeks. After 24-hr fast the animals were anesthetized with ether, blood drawn from heart; liver and gallbladder were removed. Serum and liver were frozen immediately after collection. Liver was then lyophilized to a constant weight, ground to a powder, and kept in the refrigerator for further analysis. The gallbladder was opened on a glass slide and microscopic examination of the gallbladder contents was carried out under low power (1000X).
The degree of cholesterol crystal formation was graded as no crystals, scattered crystals, and aggregates of crystals and gallstones according to Frey et al. [la] . The gallstones were balled aggregates large enough to be visible to the unaided eye.
Determination of cholesterol and lecithin was performed on pooled samples of serum and liver from the same group and sex. The cholesterol content of serum and liver was measured by the method of Click et al.
[ 141. Lipid phosphorous was measured from a 2:l chloroform; methanol (from Matheson, Coleman and Bell) extract by the method of Bartlett [2] . Phospholipid values were calculated by multiplying the phosphorous value by 25. All data were expressed as the mean.
RESULTS

AND DISCUSSION
The effects of different diets on the formation of gallstones is shown in Table 1 . another male mouse had aggregates; the rest had gallstones.
Group III. Scattered crystals were seen in the gallbladder of one male and aggregates in one female mouse; the remainder contained gross stones. The livers were fatty in all of the mice.
Group IV. All livers were fatty ; two male mice had scattered crystals in the gallbladder and the rest had stones.
Group V. No stones were found in one male mouse whose liver was slightly fatty. One female mouse had aggregates and the rest had gallstones. All livers were fatty.
Group VI. The livers were slightly fatty, gallbladder contents in one female mouse contained scattered crystals and the rest did not contain any stones. At the end of 4 weeks, the mice were in poor physical condition and failed to gain weight as compared to the mice in the rest of the groups. Consequently the concentration of dodecyl sodium sulfate was lowered from 1% to 0.5%. Four weeks after this change the mice had gained weight and their physical condition was comparable to mice in other groups.
Group VII. The livers were yellowish and fatty. Group 1X. The livers of all mice were normal. The gallbladder of one female mouse contained scattered crystals. The remainder were free of crystals or stones.
The addition of 1.5% sulfaguanidine (group IX) or dodecyl sodium sulfate (group VI) to the gallstone-producing diet (group II) prevented cholesterol stone formation. The condition of the liver, normal or fatty, could not be correlated with gallstone formation.
Serum and liver cholesterol levels (Table  2) were higher in mice forming gallstones than in non-stone formers. Female mice fed the sulfaguanidine had a higher serum cholesterol level than the males of the same group. In all other eight groups female mice had lower levels of serum and liver cholesterol compared to their male counterparts.
The increment in liver cholesterol in mice fed the lithogenic diet was significantly higher in males than in females when compared with the control group. This finding confirms the observations reported by Caldwell and Levitsky [ 91. The accumulation of high concentrations of cholesterol in the liver always accompanied gallstone formation in the mouse. Similar findings have been noticed with the prairie dog fed a high-cholesterol, egg yolk diet [7] . Serum lecithin concentration (Table 3 ) were higher in animals fed the normal (group I), dodecyl sodium sulfate (group VI) sulfaguanidine (group IX), and octyl alcohol (group V) diet. Female mice had a low serum lecithin in all nine groups except in those mice fed the n-octyl alcoholfed diet (group V). The liver lecithin level (Table 3) was highest in the mice of group V and group VI and lowest level in group IX. High bile lecithin levels increase the solubility of cholesterol and delay stone formation. However, the octyl alcohol-fed mice (group V) , in spite of a high serum and liver lecithin concentration, still formed gallstones. Serum phospholipid deficiency (mostly lecithin) has been noted in patients with gallstones [ 211. Citrus pectin given orally prevented gallstone formation and caused gallstone dissolution in rabbits [5] . But in our mice, pectin had no effect in the prevention of gallstones. Pectin given orally has been found to increase the fecal excretion of cholesterol and lower the serum cholesterol in man fed a typical American diet [ 151. But in our experiment pectin along with 1% cholesterol and 0.5% cholic acid did not lower the serum cholesterol level. Staub et al. found an elevation of serum cholesterol in rats fed a high carbohydrate diet containing pectin [ 191.
The ability to increase biliary phospholipid by feeding lecithin suggests that dietary modification may be important in the prevention and treatment of cholelithiasis [22] . However, stone dissolution was not detected when lecithin was added to the ration of rabbits fed a lithogenic diet [6] , as in our mice, fed lecithin.
Large doses of L-ascorbic acid did not have any effect on the prevention of gallstones. N-octyl alcohol, which is known to block the absorption of cholate in low concentrations and assist absorption of cholate in high concentrations, was thought to have an effect on dispersing cholesterol [IS]. However, feeding n-octyl alcohol along with the lithogenic diet did not prevent gallstone formation although accompanied by a high lecithin level in both serum and liver. Dodecyl sodium sulfate prevented the formation of gallstones in mice fed a lithogenie diet. This alkyl surfactant might have increased the solubility of cholesterol and reduced the incidence of gallstone formation.
Oral administration of large doses of neomycin prevents gallstone formation in the rabbit [5, 171 . The action of neomycin is thought to be due to the modification of the anaerobic intestinal micro flora. Sulfaguanidine added to the diet of mice increases the fecal excretion of cholesterol although bile salt and fatty acid excretions are not increased [ll] .
Neomycin did not prevent the gallstone formation in our mice whereas sulfaguanidine did. Thus, the antimicrobial effect of the latter substance was not responsible for the prevention of gallstones. Sulfaguanidine lowered liver cholesterol levels in our mice. Eyssen et al. have found lower liver cholesterol values in both germ-free and conventional mice fed sulfa-JOURNAL OF SURGICAL RESEARCH, VOL.
16, NO. 2, FEBRUARY 1974 guanidine and concluded that the cholesterol-lowering effect of sulfaguanidine was independent of its antimicrobial effect [II] .
SUMMARY
Prevention of gallstones induced in mice by 1% cholesterol and 0.5% cholic acid (lithogenic diet) for 8 weeks was obtained by simultaneously feeding sulfaguanidine (1.5%) and dodecyl sodium sulfate (0.5-1.0%) along with the lithogenic diet. Citrus pectin (3%), egg lecithin (l%), n-octyl alcohol (1%)) neomycin sulfate (0.2-0.5%/o) and L-ascorbic acid (5%) added to the lithogenic diet did not prevent gallstone formation.
The condition of the liver, fatty or normal, in the experiment could not be correlated with the stone formation. Lower serum and liver cholesterol levels and an elevation of lecithin concentrations in serum was noticed in mice fed the sulfaguanidine and dodecyl sodium sulfate diet.
